We demonstrate the first use of an electrochemiluminescent (ECL) label, (4-(N-succimidyloxycarbonylpropyl)-4'-methyl-2,2'-bipyridine]bis(2,2'-bipyndine)ruthenium(lI) dihexafluorophosphate (Origen#{174} label; IGEN Inc.), in DNA probe assays. This label allows rapid (<25 mm) quantification and detection ofpolymerase chainreaction (PCR)-amplified products from oncogenes,viruses, and cloned genes. For the PCR, we used labeled oligonucleotide primerscomplementary to humanpapillomavirusandthe Ha-rasoncogene.These sampleswere followedby ECL analysis or hybridizationwith specific, Origen-labeled oligonucleotide probes.These studiesdemonstratethe speed, specificity, and effectiveness of the new ECL labels, compared with P, for nucleic acid probe applications.We describeformatsinvolvingconventional methodologiesand a new formatthat requiresno wash step, allowingsimpleand rapidsampleanalysis.These rapid assaysalsoreduce PCR contamination, by requinngless samplehandling.Improvementsin ECL detectabilityare currentlyunderinvestigation foruse in DNAprobeassays withoutamplification. with ECL labels based on the requirement for electrode proximity to achieve light production (manuscript in preparation). These labels also demonstrate modulation according to molecular environment, which enables development of assays based directly on binding or other similar molecular interactions (i.e., ligand-receptor interactions and hybridization). The ECL label used in the assays described here is the tris-ruthenium bipyridyl complex (Origen#{174} label; IGEN Inc., Rockville, MD). Our use of Origen label to detect and quantify PCR products demonstrates the ability of these labels to be used in conjunction with enzymatic DNA synthesis, thereby allowing the rapid detection of product without interference and with the normal specificity of DNA probes. These labels also offer simple, rapid, and nonisotopic alternatives for any previously described DNA probe assay (6-10).
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Nucleic acid hybridization techniques allow the detection and quantification of specific nucleic acid sequences and make possible the accurate diagnosis of viral and (or) bacterial infection and gene mutations.
The clinical potential of this methodology has been limited by the complexity of sample preparation and the use of radioisotopes for detection. Thus, mostly research laborato- and enzyme labels, as exemplified by the work of Urdea et a!.
(1). The development of probes has focused on short (oligo) nucleotide sequences of 20-30 bases, given their ease of preparation and the specificity of their hybridization. Generally, these oligonucleotides are synthesized to contain alkyl, sulfhydryl, or amino groups to facilitate rapid labeling with nucleophilic reagents (2) (3) (4) (5) . The major difficulty with these alternative nonradioactive labels has been obtaining the maximum density of labels on a probe and minimizing the nonspecific binding to achieve optimal sensitivity. Formats for hybridization assays have also been studied so as to improve ease and sensitivity and allow the use of these methods by unskilled operators (6-10). These efforts include the use of antibodies, which have proved valuable in the detection of RNA (20) . 4-(3-Carboxypropyl)-4'-methyl-2,2'-bipyridine was then complexed with ruthenium (21) , which was then activated to an NHS ester as described by Anderson et al. (22) .
Origen label was introduced via the amino group of the modified oligonucleotides as follows. Probes 1CHR and 1T24 were also labeled with 32P by using T4 polynucleotide kinase and established methods; the probes generated had a specific activity of 77 x 10's counts/mm per gram (9). We ran the assay for the Ha-ms point mutation under identical conditions but without the Origen-labeled oligonucleotide.
Preparationof Magnetic Beads
Also, we ran the nonseparation HPV assay asymmetrically but making use of a 10-fold excess of the biotinylated to unlabeled oligonucleotide, the latter being 40 pmol. The thermocycler conditions were as follows: for the direct incorporation HPV 18 and 16 assay, the proffle was 93 #{176}C for 1 s, 50 #{176}C for 1 s, and 60#{176}C for 2 mm; for the Ha-ms point mutation assay, it was 93#{176}C for 1 s and 69#{176}C for 2 mm; for the nonseparation HPV assay, it was 93#{176}C for 10 s, 50#{176}C for 30 s, and 60#{176}C for 2 min. The number of cycles used for these PCR runs ranged from 30 or 40, depending on the assay and the required degree of sensitivity. The number of cycles used for the data presented are stated in the figure legends. The thermocycler used was a DNA Thermal Cycler (Perkin-Elmer Cetus, Norwalk, CT).
Assay Formats
After PCR with direct incorporation of the Origenlabeled oligonucleotide, we added the whole reaction mixture (90-100 L) to 600 pg of streptavidin-coupled beads, and incubated this for 20 mm at room temperature with shaking. The solid phase in each sample was We carried out the PCR reactions of Ha-ras genes with oligonucleotides HBP1 and HRP2. When biotinylated HRP1 is used with unlabeled HRP2, the resulting PCR product can hybridize to Origen-labeled probes 2CHR and 2T24. Conversely, if biotinylated HRP2 is used with unlabeled HRP1, the resulting PCR product can hybridize to Origen-labeled probes 1CHR and 1T24.
The assay protocol was as follows: add 90 L of PCR reaction mixture to 600 pg of streptavidin-coupled beads, then incubate at room temperature for 30 miii.
Separate the solid phase in these samples by using magnetic racks, wash with NaOH (50 mmolIL), then with hybridization buffer (per liter, 0.9 mol of NaC1, 50 mmol of sodium phosphate, pH 7.7, 5 mmol of EDTA, 1 g of Ficoll, 1 g of polyvinylpyrrolidone,
and! g of bovine serum albumin), and resuspend in hybridization buffer containing the Origen-labeled oligonucleotide, 10 mg/L. Hybridize these samples for 15 miii at 66#{176}C.
Separate the solid phase by using magnetic racks, wash twice with a buffer of, per liter, 0.9 mol of NaC1, 50 mmol of sodium phosphate, pH 7.7, 5 mmol of EDTA, (27) . The results for this assay (Figure 4 To evaluate this system, we made use of the Ha-ras gene and the point mutation found in the human T24 bladder carcinoma (28). After optimization of the hybridization conditions, we could use this system to detect different mutants of the Ha-ras gene, with the normal gene in human placenta hybridizing most strongly to probes 1CHR and 2CH.R and the mutant gene in a transfected NIH 3T3 cell line hybridizing most strongly to probes 1T24 and 2T24 (Figure 6 ). These data indicated a lack of specificity of some probes in our earlier studies not seen with an aequorin gene. Oligonucleotides 1CHR and 2T24 (with an MG mismatch) showed low levels of discrimination as evidenced by the ECL counts for these probes hybridized to the T24 and placental DNAs, respectively ( Figure 6 ). This was also seen with 3'-labeled probes (data not shown). This loss of discrimination was not an effect of the Origen label, as demonstrated by these oligonucleotides with and without the 3' Origen label that were 5'-labeled with P.
The problems with 1CHR are clearly demonstrated in Figure 7 , where Origen and 32P/Origen-labeled probes perform equivalently, demonstrating that the loss of specificity was due to the inherent properties of the oligonucleotide and not due to the introduction of the Origen label. The results with the 1T24 probe, which showed a good level of discrimination, also indicated that the addition of the Origen label had a negligible effect on the performance of the oligonucleotide probes. We also tested an MG mismatch in an aequorin gene (26) and found no problem with this mismatch, getting only 13% cross-hybridization.
The use of oligonucleotides
having high specificity and the Origen label allowed us to detect the presence of point mutations, as shown in the data with 1T24 and 2CHR ( Figure 6 ) and 1T24 (Figure 7) . To evaluate the potential of this ECL system in direct comparison with a standard labeling method, we compared the relative abilities of 32P-labeled probes and Origen-labeled probes used with 1T24 and 1CHB probes and placental DNA. In this study we generated PCR product by using biotinylated HRP2 and unlabeled HRP1 in the standard way. The resulting PCR product was then aliquoted into several samples to give differing amounts of PCR prod- and 1CHA containing P (1T24-P, 1CHR-P). The 1124 and 1CHR probes containing both P and Origenlabel were used to determinethe effects of the Orlgenlabel.The samples were washed as earlier withtetramethylammohium chloride reagent (see text). The resulting bead-bound P activity was analyzedafter additionof scintillation cocktail in a scintillation counter uct, which we hybridized with the 32P-and Origenlabeled probes. As Figure 8 shows, the Origen label Figure 8 ). The data were normalized (by multiplying the ECL data by the average ratio of ECL/P counts for the 90-jiL sample data set) to make the comparison more facile. The better curve obtained with the Origen-labeled probe probably results from the fact that this probe can be used at higher concentrations than the 32P-labeled probe, which thus allows more rapid and complete hybridization. The use of high-specific activity 32P-labeled probes at these concentrations would not be feasible; we could have added unlabeled probe to improve the kinetics, but this would have reduced the sensitivity of the P probe and obviated a comparison with the typical method for use of P probes. Thus in this assay, the Origen-labeled probes clearly performed well and provided the best data at the higher concentrations of sample, demonstrating that for this demanding point-mutation assay, the Origen label provides a viable, nonradioactive probe system. The slightly higher background seen with the Origen label is due to the nature of the measurement and not to nonspecific binding of the Origen label. We are currently developing methods to reduce this background.
To improve the existing point-mutation assay format to make it less From the results of these demanding hybridization studies that detect single-point mutations, we conclude that the Origen ECL label and assays provide an effective method that is faster and safer than the conventional methods with P.
We have further improved the value of the Origen system by developing an assay format that requires no washing (Figure 3) . This assay depends on the ability to run the PCR in an asymmetric mode, which generates an excess of single-stranded target directly available for hybridization. The PCR samples are simply added to the probe for hybridization (15 mm), added to beads for binding (15 mm) , and then analyzed. The effectiveness of this assay was demonstrated in the standard curve of HPV 18 from HeLa cells (Figure 9 ), illustrating the ability of this assay to detect and quantifr HPV 18 DNA rapidly and at low concentrations of target (i.e., <100 copies of HPV 18). Moreover, because of the kinetics of 
HPV 18
The RCAinvolvedbiotinylated2PV18 and unlabeled 1PVI8 with Hela DNA (400 copies per cell), according to the RCA format illustrated In FIg. 3 . The resulting PCR reaction product (after 40 cycles) was hybridized with the specific probe Osigen-labeled3P Vi 8. The hybridizationmixture was added to streptavldin-coated beads and the resulting bead-bound Origen label was directly analyzed for ECL with an Origen analyzer. 
